We studied the interchangeability of two blood gas syringes (lohns, Hardie Health Care Products Pty Ltd and Marksman, Martell Medical Products Inc) for the collection of blood for the analysis of peo 2 , po 2 , pH, sodium, potassium and glucose in 71 intensive care unit patients. The interchangeability of these two syringes with a specially designed syringe (Radiometer, Radiometer A IS) for the collection of blood for the analysis of ionized calcium was also studied. Analysis of pH, sodium, potassium and glucose showed no clinically significant differences between samples collected with lohns and Marksman syringes. However, differences in pe02 and p0 2 in samples collected with these syringes may be clinically significant if the p0 2 is less than lOO mmHg. There were no clinically significant differences in ionized calcium levels in blood samples collected with lohns, Marksman and Radiometer syringes. We conclude that lohns and Marksman syringes are interchangeable for the collection of blood for the analysis of peo 2 , po 2 , pH, sodium, potassium and glucose and they are also interchangeable with Radiometer syringes for the collection of blood for ionized calcium analysis.
Key Words: EQUIPMENT: syringes; FLUID BALANCE: electrolytes, glucose, acid-base, analysis Blood gas and electrolyte (sodium, potassium and ionized calcium) tests are common and important pathology tests performed in intensive care. Heparin is frequently used as the anticoagulant in blood gas syringes and may cause inaccuracies in electrolyte readingsls. Before a new syringe can be introduced into clinical practice, it must be shown to be free of such interferences and to be interchangeable with the syringe in current use. In this study we compare the performance of two blood gas syringes in order to determine whether they are interchangeable in the performance of a number of biochemistry tests. Comparing the syringes in this way does not allow the accuracy of either syringe to be determined but does allow one to decide whether the two syringes are interchangeable.
We compared the 3 ml Marksman syringe (349PH, Martell Medical Products Inc., Temecula, Ca, U.S.A.) with the 2.5 ml Johns blood gas syringe (LIH401X, Hardie Health Care Products Pty Ltd, Oakleigh, Vic., Aust.). Both syringes are coated with dried heparin. The Johns syringe contains lithium heparin (75 units) whereas the Marksman syringe contains zinc heparin (50 units) as the anticoagulant. We compared both of' these syringes with the Radiometer syringe (QS90, Radiometer AIS, Copenhagen, Denmark) for the performance of ionized calcium analysis. This syringe contains approximately 120 units of balanced lithium and sodium heparin.
MATERIALS AND METHODS
Arterial blood samples were taken from patients admitted to the intensive care unit of the Royal Children's Hospital, Melbourne, Australia. The ages of these patients ranged from one day to 189.3 months (median 5.25 months). As the study was necessary due to the threatened shortage of one product the approval of the hospital ethics committee was not sought. However, the study was conducted along the ethical guidelines established in Helsinki, 1975, and permission was obtained from parents of the patients to withdraw additional blood to duplicate tests requested by the intensive care medical staff. All samples were collected from indwelling arterial catheters inserted for clinical use. Measurements of pH, blood gases (peo 2 , P0 2 ), sodium, potassium and glucose in blood samples collected with Marksman syringes were compared with similar measurements in blood collected with Johns syringes. In addition, measurements of ionized calcium in samples collected with Marksman and Johns syringes were compared with measurements in samples collected with Radiometer syringes (QS90, Radiometer AIS, Copenhagen, Denmark), which are specially designed for the measurement of ionized calcium.
Samples were collected from 71 patients. No patient was studied more than once. Not all tests were performed on every patient. Four samples were collected. One millilitre was collected with each of three syringes-a Johns syringe, a Marksman syringe and a Radiometer syringe. A smaller sample (0.3-0.5 ml) was also collected in an additional Marksman syringe to see if sample volume affected the analysis. The order of collection was not specific. Visible air bubbles were expelled from the blood immediately after collection. Fourteen samples which were visibly contaminated with air bubbles at the time of analysis were excluded. Samples were often collected from a number of patients before being sent for batch analysis. This routine clinical practice caused a variation in the time between collection and subsequent analysis. Samples were not put on ice after collection as this is not routine clinical practice. Samples collected with Marksman syringes were analysed after samples collected with Johns syringes.
Analysis of blood gases was performed with a Radiometer ABL510 (Radiometer AIS, Copenhagen, Denmark) blood gas analyser. Analyses of sodium and potassium were performed with a Radiometer KNA2 analyser while analaysis of ionized calcium was performed with a Radiometer ICA2 analyser. A Kodak Ektachem (E700XR, Eastman Kodak Company, Rochester, N.Y., U.S.A.) was used to analyse glucose.
The differences between measurements from samples collected with the syringes were calculated as the Marksman minus Johns, Marksman minus Radiometer and as Johns minus Radiometer values. The mean differences and their variations, and the upper and lower limits of agreement (950/0 confidence intervals) were calculated by the method of Bland and Altman 6 • The differences appeared to be normally distributed. The probabilities that the differences in values in samples collected with any two syringes exceeded ±5070 and ± 10% were also calculated.
RESULTS
The absolute values, mean differences, 95% confidence intervals and probabilities of the differences exceeding ±5070 and ±1O% for Na, K, pH, glucose and ionized calcium collected with each syringe are provided in Tables 1, 2 and 3. The mean differences and limits of agreement for Na, K, pH and glucose analysis in a 1 ml sample were 0.85 ( -0.29-1.99) mmolll, 0.08 (-0.10-0.26) mmolll, -0.01 (-0.05-0.03) and -0.07 (-0.42-0.28) mmolll respectively and in a 0.3-0.5 ml sample were 1.11 (-0.89-3.11) mmolll, 0.15 (-0.09-0.39) mmoIlI, -0.04 (-0.10-0.02) and -0.11 (-0.47-0.24) mmoIlI respectively. The mean difference and limits of agreeent for ionized calcium analysis were -0.059 (-0.096--0.022) mmoIlI for the Johns syringe and -0.011 (-0.060-0.038) mmoIlI for the Marksman syringe.
The differences between measurements for each parameter were plotted against the average values Mean differences with 95070 confidence limits and upper and lower limits of agreement (SD 1.96) of measurements in 1.0 ml smples collected with Marksman and 10hns syringes are given. Absolute values are given as mean (SD). N = number of samples, Na = sodium (mmolll), K = potassium (mmolll), and GI = glucose (mmolll). 5% Diff and 10% Diff = Probabilities of differences exceeding ± 5% and ± 10% respectively. from pairs of syringes. This enabled an inspection of the spread of the data. In the case of potassium (Figure 1) , the outlying differences were not limited to extreme absolute values. However, the differences between the values of PC0 2 and p0 2 in samples collected with Marksman and Johns syringes displayed a tendency to increase with increasing mean values (Figures 2 and 3) . Calculations of the mean differences and limits of agreement would not be reliable indicators of the variation in difference. To remove this bias a log transformation (to base 10) of the data was performed 6 (Figure 4) . difference ratios and limits of agreement were 106.90/0 (93.8%-121.9%) for 0.3-0.5 ml samples and 102.6% (94.6%-111.2%) for a 1.0 ml sample.
DISCUSSION
This analysis examined the potential clinical effects of substitution of Johns syringes with Marksman syringes for the collection of blood to measure gases, sodium, potassium and glucose and with Radiometer syringes for the collection of blood to measure ionized calcium. Our analysis suggests that, in general, collection of blood with Marksman syringes does not yield clinically significant differences in blood gases, sodium, potassium and glucose tests compared with Johns syringes. The data also suggests that collection of blood with the Johns and Marksman syringes does not produce clinically significant differences in ionized calcium measurements when compared with blood collected with Radiometer syringes. However, the ---00 10 :I: .S v u s:: (1) ... .... differences in the pco 2 and P0 2 values may be significant in some situations, particularly if the p0 2 is less than 100 mmHg, a clinically important range. The difference may be partially attributed to the presence of undetected air bubbles in Marksman syringes, the direct effects of sampling, including the aeration of the sample, or a longer time delay from collection to analysis for blood collected with Marksman syringes than with lohns syringes. A delay of up to 20 minutes before analysis at room temperature will not change pe02 values, but will cause significant decreases in p0 2 values, while air bubbles and froth, even small amounts, can cause significant increases in P0 2 levels and decreases in peo 2 levels if analysis is delayed by two minutes 7. Our data show that both p0 2 and peo 2 values were, on average, higher in samples collected with Marksman syringes than with lohns syringes. In this study air bubbles were expelled immediately after collection although aeration may have occurred. This could explain the higher p0 2 values but can not explain the higher pe02 values collected with Marksman syringes compared with those in lohns syringes. Differences may also be attributed to delays before analysis. Our samples were stored at room temperature and analysed after variable delays. Blood samples collected with lohns syringes were analysed earlier, which would be expected to cause a reduction in p0 2 in the sample in Marksman syringes but would allow peo2 to remain constant'. However, the opposite effect was observed in p0 2 and, moreover, the peo2 values were higher in Marksman syringes. The partial pressure of oxygen in the sample collected with Marksman syringes may have been increased by the aeration of the sample during collection or the presence of undetected air bubbles. It is difficult to attribute all the differences in both pe0 2 and p0 2 in blood samples collected with the two syringes to either delayed analysis or the presence of air or froth in Marksman syringes. Although electrolyte levels may be altered by the heparin used as the anticoagulant in blood gas syringes l -', our data show that this is not the case with Marksman syringes, even with small samples, in the analysis of sodium, potassium and ionized calcium when compared with lohns and Radiometer syringes.
To determine the interchangeability of two techniques which measure the same parameter, an analysis of the difference between the two techniques is preferred to a simple calculation of their correlation 6 • This method consists of the determination of the mean and expected range of the differences between the two techniques. The accuracy of the two techniques cannot be determined by this method or by examination of correlation.
The probability of the difference between the two methods exceeding nominal limits (±5OJo or ±1O% for example) also provides clinicians with another evaluation of the interchangeability of the syringes. The probabilities were found to be small and clinically acceptable, particularly at ± 10%.
In conclusion, Marksman and lohns syringes were found to be interchangeable for the collection of blood for the analysis of pH, glucose, sodium and potassium. They are also both interchangeable with Radiometer syringes for the collection of blood for ionized calcium analysis. Differences in measured ratios for pe0 2 and p0 2 analysis were also found to be small and clinically acceptable.
